Cooperative brood care is assumed to be the common driving factor leading to sociality. While this seems to be true for social Hymenoptera and many cooperatively breeding vertebrates, the importance of brood care for the evolution of eusociality in termites is unclear. A first step in elucidating this problem is an assessment of the ancestral condition in termites. We investigated this by determining the overall level of brood care behaviour across four termite species that cover the phylogenetic diversity of the lower termites. Brood care was low in the three species (all from different families) that had an ancestral wood-dwelling lifestyle of living in a single piece of wood that serves as food and shelter. In the fourth species, a lower termite that evolved outside foraging, brood care was more common. Together with data for higher termites, this suggests that brood care in termites only becomes important when switching from a wood-dwelling to a foraging lifestyle. These results imply that early social evolution in termites was driven by benefits of increased defence, while eusociality in Hymenoptera and cooperative breeding in birds and mammals are primarily based on brood care.
INTRODUCTION
The study of social evolution and cooperation/altruism is a major focus in evolutionary biology that is intensively studied in cooperatively breeding birds and mammals, as well as social insects [1] [2] [3] [4] . Among the latter, Hymenoptera, and in particular the ants and the honeybee Apis mellifera, became favourite model organisms to test (successfully) the factors influencing social evolution [5] [6] [7] , while the other large group of social insects, the termites, received less attention. Social insects live in complex societies in which only a few individuals reproduce (queen/ king) while a large majority (workers/soldiers) forgo reproduction, at least temporarily. This altruistic behaviour of the non-reproducing castes can be explained by kin selection theory (i.e. the propagation of the corresponding alleles through non-offspring relatives) [8] . In general, brood care of siblings has emerged as the common factor favouring social life in ants [3, 4, 9] , bees [10, 11] and many wasps [4, 12] . The importance of brood care for social evolution was also supported by studies on cooperatively breeding vertebrates [1, 2, 13] .
For the remaining large group of social insects, the termites, evidence for the importance of brood care in the evolution of social life is more limited and largely restricted to its most apical family, the Termitidae (reviewed by Korb [14] ), which comprise about 75 per cent of all extant termite species [15] . Their apparent similarity to the ground-dwelling ants led to the assumption of convergent evolution driven by alloparental brood care between these taxonomically disparate groups of social insects [16] .
Subsociality in the sister taxon of the termites, the woodroaches (Cryptocercidae; figure 1), in which parents care for their offspring for extended periods, further supported this hypothesis [26] . Compared with woodroaches, termites are characterized by two synapomorphies: (i) the evolution of sterile soldiers, which makes termites eusocial; and (ii) the evolution of neotenic reproduction (i.e. offspring can become wingless reproductives within the natal nest via a single moult). According to the former, termites have been classified as fortress-defenders [6, 27] , which raises the question of how important alloparental brood care by workers was for their transition to eusociality. Our present study makes this question explicit and tries to answer it.
Studying the history of social evolution is largely hampered by the difficulty that we can hardly reconstruct the relevant ecological conditions under which the first common ancestors of eusocial lineages evolved. A useful indirect approach is to trace the history of traits through robust phylogenetic trees [28] [29] [30] , but this approach has only recently become feasible for termites because systematic behavioural data covering all major lineages were missing, and accurate molecular phylogenies were unavailable. The occurrence of different types of workers (true workers and pseudergates) has been plotted on termite phylogenies [31, 32] , but termite worker terminology has been inconsistently used in the termite literature. This implies that definitions vary, implicitly or explicitly, according to the authors, and are based on a mixture of ontogenetical, anatomical, morphological and behavioural criteria (for a full discussion, see [33] ). The terminology does not reflect the degree of altruism and this has caused misunderstandings about the evolution of termite workers [33] . Hence, there is a need for direct behavioural data that measure the degree of brood care altruism, and also a need to interpret these data in a phylogenetic context. The degree of social complexity differs greatly among different termite lineages ( figure 1) . In wood-dwelling termites, which nest in a single piece of wood that serves both as shelter and food source (also called one-piece-type nesters by Abe [34] ) and which form small colonies [35] , the workers are totipotent immatures (sometimes also called 'pseudergates') that can explore all caste options [36] . These older instars can function as workers and they can develop into soldiers or two types of reproductives: winged sexuals that found a new nest elsewhere or neotenic reproductives that inherit the natal breeding position when the current reproductives are unhealthy or die. This life type is considered to be phylogenetically basal [17, 18] , and characteristic for dampwood termites (Termopsidae), drywood termites (Kalotermitidae) and a few Rhinotermitidae (e.g. Prorhinotermes; figure 1a) .
The wood-dwellers' lifestyle contrasts with that of termite species who sooner or later leave the nest to forage for food (foraging species [36] ; also called separate and intermediate-type nesters according to Abe [34] ; figure 1 ). Foraging termites are characterized by an increasingly restrictive development and an early separation into two developmental pathways: an apterous and a nymphal line, which give rise to wingless (mainly [17] ), with lifestyle (forager: foraging species; wood-dweller: wood-dwelling species) and studied focal species shown. The trees are cladograms so that branch lengths are arbitrary. Asterisks indicate taxa known to have brood care. M, monophyletic family; P, paraphyletic family. References for brood care in Termitidae: Nasutitermitinae [18] [19] [20] [21] ; Cubitermes [22] ; Macrotermitinae [23] [24] [25] .
workers and soldiers) and winged (winged sexuals) individuals, respectively [37] . Although workers from the apterous line commonly reproduce in Mastotermitidae and most Rhinotermitidae, this potential is greatly reduced in the higher termites (Termitidae) [38] (figure 1). The workers of the latter clearly are an altruistic caste that is highly engaged in brood care [39] (figure 1b), and they have few opportunities to reproduce [37] . Higher termites can have colony sizes of up to a few million individuals with sophisticated division of labour (e.g. fungus-growers) [40, 41] and they are the dominant extant species both in terms of species richness and biomass [15] .
Recently, the importance of brood care for the evolution of eusociality in termites was questioned when it was found that 'workers' of several wood-dwelling termites seem to lack brood care of eggs and larvae [42] . Rather they seem to be hopeful reproductives that become either winged sexuals or neotenic replacement reproductives [43] . The importance to gain direct fitness benefits through nest inheritance was also stressed for the occurrence of workers in another wood-dwelling species that has been studied intensively: the dampwood termite, Zootermopsis nevadensis [44, 45] . Yet the high microbial load of the nest environment of dampwood termites [46] might have selected for hygienic brood care behaviour, such as allogrooming [43] . Using a standardized behavioural protocol, we set up a series of observational experiments to investigate the occurrence and degree of brood care in representative species of lower termite lineages (figure 1a). We selected three wood-dwelling species, one from each family that contains wood-dwellers (Termopsidae: Zootermopsis nevadensis; Kalotermitidae: Cryptotermes secundus; Rhinotermitidae: Prorhinotermes simplex), and one foraging species (Reticulitermes flavipes) from the single family that has wood-dwellers as well as foraging species, the Rhinotermitidae. By mapping our behavioural results on currently available phylogenetic trees [17, 31] (figure 1), this set-up enabled us to test the importance of brood care in lower termites and to gain novel insights into the incipient phases of termite social evolution.
MATERIAL AND METHODS
(a) Study species (i) Cryptotermes secundus (Kalotermitidae; drywood termite) Cryptotermes secundus colonies were collected in 2002 near Channel Island, Darwin Harbour (Northern Territory, Australia; 12830 0 S 131800 0 E). Dead trees of Ceriops tagal were chopped from the mangroves and carefully split with hammer and chisel to obtain complete colonies (for more details, see [47] ). The colonies were housed in standardized wood blocks of Pinus radiata providing abundant food conditions [47] and shipped back to Germany to be kept in climate chambers under appropriate conditions (12 h daynight cycle, 70% relative humidity, 288C; for more details, see [48] ).
(ii) Zootermopsis nevadensis (Termopsidae, dampwood termite) Zootermopsis nevadensis colonies were originally collected from the Del Monte Forest in Pebble Beach, California, in 2006 and 2008. They were extracted from rotten logs and transferred into layers of Douglas fir wood bolted together. The wood was regular moistened. Temperature of the culturing room was maintained at 218C. The collected termites belong to the subspecies Zootermopsis nevadensis nuttingi according to location and cuticular hydrocarbon spectrum [49, 50] . In 2009, colonies were shipped from Arizona, USA, to Germany and then kept under the same conditions as in the USA until behavioural observations started.
(iii) Prorhinotermes simplex (Rhinotermitidae; wood-dwelling type) In 2008, nine Prorhinotermes simplex colonies were obtained from Jan Sobotnik, University of Prague, Czech Republic. They were originally collected in Soroa (Piň ar del Rio, Cuba) in 1964 and kept in the laboratory in Prague and Germany at 26 + 18C provided with spruce and pine wood blocks and high moisture [51] .
(iv) Reticulitermes flavipes (Rhinotermitidae, foraging type) Samples of Reticulitermes (santonensis) flavipes were collected in April 2008 from wood fragments or tree stumps on the island of Oléron (France) from the Saumonard and the Saint Trojan forests (80% Pinus maritima). The samples were kept inside their natural wood at room temperature with watering twice a month until extraction. Using three colonies transferred to Plexiglas boxes (90 Â 60 Â 50 mm; Boite Lab Ltd, France) with moistured Fontainebleau sand and pieces of wood, we prepared three subcolonies (one from each colony) of 200-350 individuals with several nymphs and neotenics present. The species was determined by morphological and chemical identification as described previously [52] and confirmed by molecular data as in [53] . These colonies were transferred to Germany; where they were kept under the same conditions until experiments started.
(b) Behavioural observations Wood blocks were carefully split with hammer and chisel, and the colonies were extracted. Colony composition was determined and the individuals transferred to a new wood block that had a predrilled chamber where individuals could be observed (for details, see [48] ). Wood block and chamber size were adjusted to termite body size and colony size, providing abundant food conditions and approximately equal social interaction probabilities (see also [48] All colonies had reproductives, soldiers and brood (eggs and larvae) available in proportion to what is normally found in field colonies. The relative proportions differed between species, but this reflects the natural composition (brood proportion relative to workers: C. secundus, 1-9%; Z. nevadensis, 2 -10%; P. simplex, 6-44%; R. flavipes, 10-36%). There was no correlation between the proportion of brood and brood care behaviour (Pearson correlation: always p . 0.300).
Termite workers (individuals beyond the third instar) were individually marked with two colour dots (Revell, Germany).
After a resting time of at least 24 h, standardized behavioural observations were done [48] . Each marked individual was observed for 30 min using focal sampling. The behavioural repertoire of all species included the solitary behaviours sitting, wood feeding and moving around, and the interactive behaviours antennation, butting (i.e. fast backward and forward movements of the termite body), allogrooming and proctodeal trophallaxis (i.e. anal feeding), and (rarely) stomodeal trophallaxis (i.e. mouth to mouth feeding). Sitting and wood feeding were combined as resting in the later analyses as it was impossible to unambiguously differentiate among these two behaviours during observation. In addition, interactions with eggs (mainly transport; egg care) were observed for Z. nevadensis, P. simplex and R. flavipes. Behaviours which lasted more than 3 s (resting, running, allogrooming, proctodeal and stomodeal trophallaxis, brood transport) were measured in seconds. For the remaining behaviours, the frequency was recorded. We also noted whether a focal individual performed the behaviour (donor; behaviour 'given') or was the recipient of the behaviour (recipient; behaviour 'received'). This was not possible for stomodeal trophallaxis as it was often ambiguous to determine who was the donor and who the recipient. Differences in the statistical results between given and received behaviours are known from previous studies [54] and can be explained by lower statistical power in the given behaviour as opposed to the received; interactions received by a single focal worker from multiple other workers are typically less variable (reduced noise) than the interactions initiated by each of the single workers alone [54] . In total, 98 (about 10 per colony), 122 (at least 30 per colony), 90 (10 per colony) and 75 (about 25 per colony) workers were observed in C. secundus, Z. nevadensis, P. simplex and R. flavipes, respectively. The experiments were performed under the species-specific temperature and moisture conditions detailed above.
(c) Statistical analyses Data were tested for assumptions of parametric testing and analyses were done accordingly. We first compared the frequency or duration of behaviours between species with linear mixed model analyses using 'colony' as random factor and 'species' as fixed factor. These models never revealed a significant contribution of 'colony'. Thus, we reran the analyses with univariate analysis of variation (ANOVA) using 'species' as fixed factor. Comparison of the Akaike information criterion (AIC) between both tests always revealed the ANOVA as the more powerful model owing to the non-significant effect of 'colony'. Therefore, ANOVA results are presented. Qualitatively, we obtained the same results with linear mixed models or when applying non-parametrical tests. Differences between species pairs were analysed with Tamhane's T2 post hoc comparisons, as variances between species differed.
We performed a principal component analysis to compare the overall behavioural profiles between species. The KaiserMeyer-Olkin (KMO) measure of sampling adequacy gave a value of 0.705, classified as 'middling' after Kaiser [55] . The Bartlett test of sphericity rejected the null hypothesis that the correlation matrix was an identity matrix with p , 0.0001. Both analyses thus showed that principal component analysis (PCA) was appropriate. All analyses were done with the statistical package PASW SPSS 18 and all tests are two-tailed.
RESULTS
(a) Quantitative differences between species in behavioural repertoire The broad comparison of time budgets for all behaviours gave significant differences across species (table 1, figures 2 and 3; see also electronic supplementary material, figures S1 and S2). This included overall activity levels. The lowest level of movement was shown by Z. nevadensis, while R. flavipes was moving more than three times as much (see electronic supplementary material, figure S1a). Cryptotermes secundus and P. simplex had similar intermediate moving activity. Cryptotermes secundus did most resting, followed by Z. nevadensis, while P. simplex and R. flavipes had low resting durations, less than 50 per cent of those observed in C. secundus (see electronic supplementary material, figure S1b).
The most specific and central question of our study concerned the difference in the time budget and display of helping behaviour. According to their putative functions, the interactive behaviours can be grouped into altruistic helping (egg care, proctodeal and stomodeal trophallaxis, allogrooming) and communicative behaviours (antennation and butting), and both were compared across the species.
(b) Altruistic behaviours Egg care, proctodeal and stomodeal trophallaxis, and allogrooming are all behaviours where it is supposed that the receiver primarily benefits from the interaction, making them forms of altruistic behaviour [35] . A qualitative difference was found in egg care behaviour. In contrast to all other species, C. secundus did not display any egg care. Even though duration of egg care in P. simplex and Z. nevadensis did not differ significantly from C. secundus, it did occur 6 and 32 times in P. simplex and Z. nevadensis, respectively (figure 2a). However, R. flavipes had 5-10 times higher duration of egg care than Z. nevadensis and 50-70 times as much as P. simplex (figure 2a). This cannot be explained by brood availability, since P. simplex together with R. flavipes had the largest amounts of brood per colony.
The dampwood termite Z. nevadensis had the highest allogrooming durations, which lasted about 3-10 times longer than in all other species ( figure 3a,b) . Cryptotermes secundus and P. simplex, which both nest in hardwood, had comparable, very low levels of allogrooming, while the subterranean nesting R. flavipes had intermediate levels.
Differences between species were less pronounced for giving proctodeal trophallaxis (figure 3c): the values were similar, and no significant differences were found except between P. simplex and Z. nevadensis, which had the lowest and highest values, respectively. Strikingly, receiving proctodeal trophallaxis revealed a different pattern (figure 3d): while P. simplex still had the lowest values, C. secundus had the highest durations of receiving food, significantly different from P. simplex and R. flavipes. However, the duration of stomodeal trophallaxis was low both in C. secundus and P. simplex, while Z. nevadensis and R. flavipes had mutual mouth-to-mouth feeding for longer periods (figure 2b). For R. flavipes, this difference to other species was not significant owing to the large variability between individuals. in C. secundus and Z. nevadensis, and highest in R. flavipes (see electronic supplementary material, figure S2c). Butting other individuals did not differ between P. simplex and R. flavipes, while being butted was significantly less common in the former than the latter species (see electronic supplementary material, figure S2d). Frequencies of communicative behaviours are often side-effects of colony or body size, but our results are unlikely to be primarily caused by body size and group size differences between species as we adjusted chamber sizes to account for these differences (see §2). Furthermore, Z. nevadensis was by far the largest species, and R. flavipes and P. simplex were the smallest, yet this body size difference did not correspond to the occurrence of the communicative behaviours. Only for butting behaviour did the frequency roughly correspond to the colony sizes, which were similarly small for C. secundus and Z. nevadensis, and largest in R. flavipes. Within species, there was never a correlation between colony size and the occurrence of butting or antennation (Spearman rank test: always p . 0.100; but note the small sample sizes here). This suggests that there are true species-specific differences in the occurrence of communicative behaviours and that R. flavipes is the most communicative species. Including all behaviours, the PCA revealed three components with an eigenvalue larger than 1 (table 2). The first component explained 27.7 per cent of the total variance. Antennation (given and received), butting (given and received), moving and resting had the highest loadings on this component (table 2) . The second component explained 16.9 per cent of the variance, with the more altruistic behaviours-allogrooming (given and received), proctodeal trophallaxis (given) and stomodeal trophallaxis-having the highest loadings (table 2). The remaining behaviours (receiving proctodeal trophallaxis and brood care) had their highest loadings on the third component, which explained 9.9 per cent of the variance. Along the first component, the species were separated in the order C. secundus, Z. nevadensis, P. simplex and R. flavipes, with the first two species clustering closely together (figure 4). The second component mainly separated Z. nevadensis from the other species, while R. flavipes 
DISCUSSION
Our results showed clear differences in the behaviours expressed by the four termite species studied. Brood care behaviour was, in general, rarely or not expressed in three species (P. simplex, Z. nevadensis and C. secundus), while one species (R. flavipes) displayed it frequently. The low level of brood care with egg carrying as its main component has strong implications for the importance of brood care for the evolution of eusociality in termites.
(a) Brood care in lower termites Because the importance of brood care for the evolution of eusociality in termites is unclear [14, 33, 42, 44, 45, 56] , it is important to assess the overall level of brood care behaviour across species from different phylogenetic groups to get an impression of the ancestral condition. The four species chosen cover the phylogenetic diversity of the lower termites, except the Mastotermitidae (figure 1a), which are represented by a single extant species, Mastotermes darwiniensis. This species is derived in its lifestyle [31, 57] and hence it is predicted to have brood care (see also below). Therefore, we assumed that features required for the first steps in the evolution of eusociality should be present in all four studied species. Brood care behaviour occurred in all species except C. secundus. It also was not found in previous studies on C. secundus [42] and two other Cryptotermes species [43] . This suggests that Cryptotermes species are unusual in their complete lack of brood care behaviour. The degree of egg care was very low in the other wood-dwellers, Z. nevadensis and P. simplex, so that no significant difference to C. secundus was found (figure 2a). This clearly differed from the subterranean termite R. flavipes, where brood care was more common. However, even here brood care was generally not very sophisticated, since it remained primarily restricted to carrying of egg and larvae, involving some licking. Social evolution in termites J. Korb et al. 2667
The lack of brood care behaviour in C. secundus could indicate either that (i) no alloparental care is the ancestral condition, provided that Cryptotermes and the Kalotermitidae are the most basal group among the wood-dwellers [31] ; or (ii) C. secundus secondarily lost brood care. The available phylogenies are ambiguous with regard to the position of the Termopsidae and Kalotermitidae (see also figure 1a): Legendre et al. [31] placed the Kalotermitidae in a more basal position, while it is the reverse in the study of Inward et al. [17] . These most recent phylogenies reflect a long-standing debate about the relative positions of these lower termite families [58] , which might take a long time to resolve, owing to the fast pace of Dictyopteran and termite evolution [59] . Even if the second scenario is more likely, the lack of brood care by workers in C. secundus and the other Cryptotermes species provides evidence for the principle that alloparental brood care is no necessary prerequisite for termite eusociality.
(b) Termites as fortress defenders versus social Hymenoptera as brood care providers The situation in termites strongly contrasts with the general pattern in eusocial Hymenoptera. Alloparental care is considered a major prerequisite for the evolution of eusociality in the latter group [10, 60] . The major role of the altruistic helpers in Hymenopteran societies is the provisioning and raising of brood (classified as life insurers by Queller & Strassmann [6] ). In termites, however, the reproductively altruistic caste, the soldiers, primarily engage in nest defence. This can be considered brood care as well, but it is still qualitatively different from the provisioning in eusocial Hymenoptera. Hence, wood-dwelling termites are always clearly fortress defenders [6, 27] .
(c) The worker role in lower termites is malleable by environmental conditions The role of workers as life insurers and brood care providers differs among lower termite species, as does the developmental flexibility of workers [33] , and the trait seems to be flexibly shaped by environmental conditions: in contrast to R. flavipes, P. simplex had few altruistic behaviours (allogrooming, proctodeal and stomodeal trophallaxis), although both species belong to the most derived family studied here. This fits the wood-dwelling life style of P. simplex, while R. flavipes is a foraging species (figure 1a). On the other hand, Z. nevadensis had the highest degree of allogrooming (figure 3a,b) despite its phylogenetic basal position (figure 1a), in line with an extremely high pathogen load in its nest [46] . This suggests that worker altruism relating to allogrooming and trophallaxis in lower termites is a malleable trait that changes easily, depending on prevailing environmental conditions. The high pathogen load of soils and the high allogrooming rates in the subterranean R. flavipes further strengthen the hypothesis that pathogen load is an important factor promoting altruistic worker behaviour in lower termites. Yet more studies are needed to understand the importance of phylogeny, ecology and species idiosyncrasies in order to understand the social evolution of termites.
(d) Foraging termites have altruistic workers and are comparable with social Hymenoptera Altruistic behaviour and the importance of alloparental brood care in the termites and eusocial Hymenoptera converges in the higher termites. In all higher termites studied so far, there is intensive egg and brood care (figure 1b), associated with true worker castes that combine the specialized task of foraging with brood care, often starting with the latter early in life and changing to the former when they become older (age polyethism [40] ). In R. flavipes, the amount of stomodeal trophallaxis varied widely among individuals, which might also be indicative of division of labour among workers. In wood-dwelling termites, foraging tasks are obsolete as the termites live inside their food. This changes with the transition to the foraging lifestyle in termites, as in R. flavipes, because they sooner or later have to leave the nest and forage for food. Increased foraging activity of workers seems to be paralleled by an increasing proportion of neotenic reproductives in some Rhinotermitidae, such as Reticulitermes [61] .
The need for external foraging introduces two differences that dramatically change the trajectory of eusocial evolution [7, 17, 39, 43] . First, the outside foraging is associated with much larger mortality risks, increasing the level of altruism. Second, and most importantly, the transition to foraging termites requires alloparental brood care because larvae no longer have food around them but rely on food collected by foragers. Hence, workers can increase the reproductive success of their parents through food provisioning of siblings and become more altruistic. As the most basal extant termite, M. darwiniensis, has a lifestyle similar to that of higher termites, with workers foraging outside their nests, we predicted that this species has brood care. Accordingly, its workers were also classified as true workers (figure 1a). Termite societies with external foraging therefore changed their evolutionary trajectory and are no longer shaped by the selective forces that wood-dwelling termite societies are primarily exposed to. Foraging termite species, which include R. flavipes, thus resemble social Hymenoptera concerning food provisioning and follow similar evolutionary trajectories, which lead to much more sophisticated societies than wood-dwellers, as fortress defenders, ever evolved.
Similarly, in cooperatively breeding vertebrates, helpers can reduce the workload of their parents through food provisioning of the young [2, 62, 63] , and although other factors (e.g. group augmentation effects and improved defence) can contribute to explaining cooperative breeding, brood care was revealed as a major factor for social evolution in birds and mammals [1, 2, 27] .
For cooperatively breeding vertebrates, and to a lesser extent for social Hymenoptera (especially for wasps; see [64] ), it has been proposed that cooperative breeding is the result of a two-step process [13] . In the first step, constraints (often ecological) select against offspring dispersal and result in family living. In the second step, cooperative breeding arises if helpers receive sufficient direct and/or indirect fitness benefits. One could argue that wood-dwelling termites resemble the first step and foraging termites the second step. From this point of view, termites are not that different from these cooperative breeders except that the first truly altruistic caste to evolve in termites was a soldier caste. Hence, the first step still occurs in extant wood-dwelling termites with soldiers as an altruistic caste, while it is generally absent in cooperative breeders and social Hymenoptera. Wooddwelling termites, as fortress defenders, are more similar to social aphids, thrips and mole rats (where brood care is also less important than colony defence [65] ) than to the large majority of social Hymenoptera and cooperatively breeding vertebrates [27] . Only when termite colonies evolved the use of external resources did helpers supporting parents in brood care become more important [7, 17, 39, 43] . This parallels the several independent origins in various groups of bees, wasps, ants and most cooperatively breeding vertebrates.
CONCLUSION
Our study suggests that, in contrast to ants, bees and most cooperative breeding vertebrates, brood care by workers is no necessary prerequisite for termite eusociality and that the degree of worker altruism largely differs between species. All lower termites are fortress defenders with an altruistic sterile soldier caste making them eusocial. This suggests that social evolution was driven by the need for increased defensive abilities rather than cooperative brood care in wood-dwelling termites. The degree of altruistic worker brood care seems to depend on environmental conditions, and especially pathogen load appears to be a major factor promoting altruistic allogrooming in workers. This implies that defence against pathogens might have been an additional important driver of termite social evolution.
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